I
n 1974, the first endovascular occlusions of cerebral aneurysms were described by Serbinenko 1 at the Burdenko Institute in Moscow. Since the introduction of Guglielmi detachable coils (GDCs) to treat intracranial aneurysms in 1991, the number of patients undergoing endovascular coiling has continuously increased. [2] [3] [4] Parallel to the expansion of endovascular procedures and the longterm follow-up of these patients, an increase in the number of aneurysms because of failure of the endovascular procedure is inevitable. 5 Remnants, rebleedings, recanalization, and regrowth of coiled aneurysms have been described in many series.
or near-total occlusion rates at the time of treatment. 8, 9 At follow-up, this percentage is at least 10% to 20% lower. It is well-known that incomplete occlusion after either microsurgical clipping 10, 11 or endovascular treatment may predispose the patient to rebleeding. 12 A large group of patients with remnant and recurrent lesions require retreatment by either endo-or exovascular means. Microsurgery may be indicated in some of these patients if endovascular procedures are unable to produce a stable occlusion of the sac. 5 This is a retrospective study of our experience in the microsurgical management of 82 previously coiled aneurysms in 81 patients treated at 2 Finnish neurosurgical departments, in Kuopio and Helsinki, between July 1995 and August 2009. We focus our analysis on the microsurgical technique and describe how the location, morphology, and appearance of the coiled aneurysm affect the technique. We also provide videos of the surgical technique in different anatomic locations.
PATIENTS AND METHODS

Patients and Aneurysms
We retrospectively analyzed previously coiled aneurysm patients surgically treated at 2 of the 5 Finnish neurosurgical university hospitals in Helsinki and Kuopio (total catchment area 3 million people) between July 1995 and August 2009. Of the 51 patients in Helsinki, 49 were treated by the senior author (J.H.). In Kuopio, 31 patients were surgically treated by several neurosurgeons. Seventy-five aneurysms in 74 native patients were coiled in Finland (all except 6 in Helsinki and in Kuopio). Seven patients from abroad were treated in Helsinki. The data on all 81 patients with 82 aneurysms are summarized in Table 1 .
Clinical Data Collection and Follow-up
We reviewed all patient files with special attention paid to microsurgical techniques and difficulties encountered during the operation.
Functional outcome was assessed using the Glasgow Outcome Scale (GOS) before the operation and at 3 months postoperatively. 13 Poor outcome (ie, worsening of clinical condition) was defined as a lower GOS score at the 3-month follow-up visit compared with the preoperative baseline score. We also divided the patients into 2 groups based on timing of the surgery: those operated on within 1 month after the last coiling (early surgery) and those operated on later (late surgery).
Radiological Examinations and Endovascular Treatment
Residual and recurrent aneurysms were discovered immediately after the endovascular procedure or on digital subtraction angiography (DSA) performed at 6, 12, 24, or 36 months or on a DSA indicated by a change in clinical condition or magnetic resonance angiography findings. The width and height of the aneurysm neck were measured on the angiogram before the endovascular procedure. Recurrent/residual width and height of the aneurysm neck were measured before the microsurgical operation. The grade of occlusion by coiling was as follows: 1, no residual filling (total occlusion); 2, neck remnant (.90% occlusion); 3, residual filling (80%-90% occlusion); and 4, subtotal occlusion (,80% occlusion). The ratio between remnant height and neck width was previously recommended to not exceed 2:1 to facilitate safe clipping of a previously coiled aneurysm.
14, 15 We calculated the remnant height-to-neck ratio in 77 aneurysms with measurable preoperative heights and neck widths and divided patients into 2 groups with ratios of less than 2:1 and 2:1 or more. All patients with SAH underwent computed tomography and, since 2000, computed tomography angiography (CTA). Postoperative DSA was performed on 74 patients with 75 aneurysms (91%). In 5 patients, no DSA or CTA was performed: in 3 because of poor clinical condition after the operation and in 2 for unknown reasons. In 2 additional patients without postoperative DSA, intraoperative indocyanine green angiography and postoperative CTA were performed to confirm complete occlusion of the aneurysm and patency of vessels.
Surgical Videos
We routinely record every operation performed by the senior author (J.H.). Intraoperative videos were reviewed, paying particular attention to microsurgical technique, intraoperative aneurysm rupture, and temporary clipping. Seven videos were selected to show the microsurgical strategy in different aneurysm locations.
Statistical Analysis
The statistical analysis was performed using SPSS 16.0 software (SPSS Inc, Chicago, Illinois). Groups were compared using the Mann-Whitney U test or Pearson's x 2 test. Pearson's x 2 test was also used for univariate testing of risk factors (aneurysm size, height-to-neck ratio of the residual aneurysm, aneurysm location, grade of occlusion by previous coiling, timing of surgery, use of temporary clipping, intraoperative aneurysm rupture, and result of surgery) for poor outcome. Risk factors with P values ,.10 in the univariate analysis were included in binary logistic regression analysis used for multivariate comparison of potential risk factors. P values ,.05 were considered significant.
RESULTS
Aneurysm Size, Location, and Indications for Surgery
Location and size of the 82 previously coiled aneurysms are listed in Table 2 . The indications for surgical treatment in all 82 aneurysms are presented in Table 1 . In 46 patients with incompletely coiled aneurysms, the endovascular procedure (additional coiling) was repeated twice in 9 patients, 3 times in 1 patient, and 4 times in another. Thirtyeight of 46 patients presented with SAH and were considered at high risk of rebleeding after incomplete treatment.
Microsurgical Treatment Approach and the Side of Approach
Anterior circulation aneurysms except those of the distal anterior cerebral artery [16] [17] [18] [19] are usually approached by the senior author (J.H.) using a lateral supraorbital (LSO) approach. [20] [21] [22] [23] [24] [25] However, in this combined series, the most frequent approach used was a pterional one, applied in 39 of the 58 anterior circulation aneurysms. The LSO approach was used in 22 patients. The subtemporal approach was used to treat 10 basilar bifurcation aneurysms and 3 basilar artery (BA)/superior cerebellar artery (SCA) aneurysms. An interhemispheric approach was used in 4 pericallosal aneurysms. A presigmoid approach was used to treat 2 BA trunk aneurysms, and a retrosigmoid approach was used twice: for 1 posterior inferior cerebellar artery (PICA) and 1 vertebral artery (VA) aneurysm. Forty-four aneurysms (54%) were approached from the left side and 38 (46%) from the right side; no aneurysm was approached contralaterally.
Early Surgery (15 Aneurysms)
Fifteen patients (18%) with 15 aneurysms were operated on within the first month after coiling. Eleven presented with SAH, and 4 had incidental aneurysms. These 15 patients were operated on because of incomplete coiling in 7 patients, coil migration in 4, rebleeding in 2, and occlusion of the parent vessel and perforation of the aneurysm sac in 1 patient each. Coils were completely removed in 12 patients (80%). In 3 patients, removing the coils was not possible because of the location of the aneurysm at the AComA (small), BA-SCA (small), or PICA (medium). Temporary clipping was used in 11 of the 15 patients. Intraoperative rupture occurred in 3 (Table 3) .
Late Surgery (67 Aneurysms)
Sixty-seven aneurysms (82%) were treated more than 1 month after coiling. There was SAH in 50 aneurysms, 10 aneurysms were incidental findings, and 7 had mass effect. The median delay between last coiling and surgery was 17.5 months (range, 1-84 months). In the late surgery group, temporary clipping was used in 32 of the 67 aneurysms. Intraoperative rupture occurred in 10 aneurysms. Complete removal of coils was achieved in 9 patients (Table 3) .
Coil Removal, Temporary Clipping, and Surgical Techniques at Different Sites There were no significant differences in clinical outcome (defined as worsening of the GOS score), complications visible on DSA or CTA, need for temporary clipping, or between early and late surgery groups ( Table 3) . Removal of coils during surgery was performed significantly more often in the early surgery group (Table 3) .
Forty-three aneurysms (52%) required temporary clipping of the parent artery and/or distal artery (arteries) to perform a safe manipulation of the aneurysm sac and to dissect the perforating branches. The duration of each temporary occlusion was less than 5 minutes. Treatment of proximal intradural internal carotid artery (ICA) aneurysms requires an anterior clinoidectomy to allow proximal control of the aneurysm. Usually, proximal and distal control of the ICA is sufficient, but sometimes temporary clipping of the ophthalmic artery is also necessary (see Video, Supplemental Digital Content 1, http://links.lww.com/NEU/A341 in which microsurgical treatment of an incompletely coiled left giant proximal ICA aneurysm is shown; Figure 1 ). The posterior communicating artery (PComA)-ICA coiled aneurysm can be safely treated using a temporary clip on the proximal ICA, whereas the distal ICA provides the preservation of flow in the anterior choroidal artery (see Video, Supplemental Digital Content 2, http://links.lww.com/NEU/A342 in which microsurgical treatment of a previously coiled medium-sized right PcomA-ICA aneurysm is shown after performing a LSO approach; Figure 2 ). The ICA bifurcation aneurysms are usually clipped by temporary clipping of the ICA, whereas the proximal middle cerebral artery (MCA) and the anterior cerebral artery take care of preservation of flow in the PComA, anterior choroidal artery, and the recurrent artery of Heubner (see Video, Supplemental Digital Content 3, http://links.lww.com/NEU/A343 in which microsurgical treatment of a previously coiled ruptured small-sized left ICA bifurcation aneurysm is shown after performing a LSO approach; Figure 3 ). For MCA aneurysms, the proximal temporary clip is placed on the M1 segment and the distal one(s) on 1 or several of the M2 branches depending on the location of the aneurysm (see Videos, Supplemental Digital Content 4 and 5, http://links.lww.com/NEU/A344 and http://links.lww.com/NEU/A345; Figures 4 and 5; Video 4 shows the microsurgical treatment, through a LSO approach, of a medium-sized left MCA bifurcation aneurysm incidentally discovered and previously coiled in Helsinki by Professor Moret; Video 5 shows the microsurgical treatment, through a pterional approach, of a large left MCA bifurcation aneurysm that was coiled several times but kept regrowing and the coils were inside the wall of M2 branch.). In AComA aneurysms, both A1s are clipped to safely dissect the base of the aneurysm. In BA tip and SCA aneurysms, the temporary clip is placed on the BA and PComA.
Recently, we applied temporary cardiac arrest with intravenous adenosine 26 in combination with temporary clipping to completely arrest the flow of the aneurysm during dissection (see Video, Supplemental Digital Content 6; http://links.lww.com/NEU/A346, in which microsurgical treatment of a previously coiled small-sized ruptured left BA-SCA aneurysm is shown; Figure 6 ). When the aneurysm is at the vertebral segment, a temporary trapping is accomplished with temporary clips proximal and distal to the aneurysm (see Video, Supplemental Digital Content 7, http://links.lww.com/NEU/A347 in which microsurgical treatment of an incompletely coiled small left VA-PICA aneurysm is shown after performing a retrosigmoid approach; Figure 7 ). The temporary clips are placed on the arterial segments free of perforators irrespective of the aneurysm location. With the temporary clips in place, the first permanent clip, a socalled pilot clip, is inserted.
The length of the clip must be 1.5 times the width of the aneurysm base, as measured from the preoperative angiograms. 10 If the first clip slides, exposing some of the neck, another (ring) clip is placed proximally to the first to ensure complete aneurysm exclusion (double clipping). 10 The difficulty here is that the clip is being pushed down by the foreign material and the thrombus and scar inside the sac. In upward-directed ICA bifurcation aneurysms, the complete exclusion of the aneurysm is sometimes achieved by including part of the bifurcation inside the clip.
In 10 aneurysms, an intraoperative rupture occurred despite temporary clipping, with a postoperative worsening of clinical status in 5 patients. Use of temporary clipping did not affect clinical outcome of patients (Table 4) .
Preoperative Balloon Placement
Preoperative endovascular placement of the occlusion balloon for proximal control was used in 2 patients: in 1 patient with a small PComA aneurysm coiled 18 months previously and in another patient with a medium-sized BA bifurcation aneurysm coiled 68 months previously. The PComA aneurysm also needed a distal temporary clipping. Neither aneurysm ruptured during the operation.
Intraoperative Rupture
Intraoperative rupture of the aneurysm occurred in 13 cases. These aneurysms were the small MCA (n = 2), BA bifurcation (n = 1), and VA (n = 1); medium AComA (n = 3), and BA-SCA (n = 1); large AComA (n = 1) and BA trunk (n = 1); and giant MCA (n = 1) and BA bifurcation (n = 2). Ten of these aneurysms required temporary clipping. Intraoperative rupture occurred in 5 of 10 patients who had a postoperative worsening of outcome (Table 4) . 
Intraoperative Removal of Coils
Clipping without removal of coils was performed in 50 aneurysms (61%), complete coil removal in 21 aneurysms (26%), and partial removal of coils in 7 aneurysms (9%). Complete coil removal was accomplished significantly more often in the early surgery group than in the late surgery group (Table 3) . In 2 giant aneurysms (1 located at the BA bifurcation and 1 at the BA-SCA region), a proximal occlusion was performed, and trapping was used for 1 giant BA bifurcation and 1 large BA trunk aneurysm. For these aneurysms, no coil removal was attempted. All these aneurysms belonged to the late surgery group. The outcome was best in the group in which the aneurysm could be clipped without removal of coils (Table 4) .
Bypass Procedure
A bypass procedure followed by proximal occlusion of the parent artery was performed on 1 giant BA tip aneurysm coiled several times, but showing progressive growth. An occipital artery/P1 anastomosis was performed. DSA confirmed good flow through the bypass followed by the proximal occlusion of the BA. In 1 giant MCA bifurcation, clipping with coil removal was performed after an Elana bypass between the ICA and M2. In a giant BA bifurcation aneurysm, high-flow bypass between posterior cerebral artery-external carotid artery by using the saphenous vein failed (see under Reoperations).
Intraoperative Assessment of Vessel Patency and Aneurysm Occlusion
We used intraoperative Doppler ultrasonography for 28 aneurysms (34%). Intraoperative indocyanine green videoangiography has been used since October 2006. 27 In 6 cases, we performed intraoperative DSA. These were 3 giant aneurysms (at the BA bifurcation, MCA, and proximal ICA), 1 large aneurysm at the PComA, 1 medium aneurysm at the BA bifurcation, and 1 small aneurysm at the PComA. In all 77 (94%) radiologically verified aneurysms, they were completely occluded. 
Outcome After Surgery
Poor outcome was defined as worsening of the GOS score at the 3-month follow-up visit relative to the preoperative baseline score. Timing of surgery (early vs late), grade of occlusion, and use of temporary clipping did not significantly affect outcome in our series (Table 4) .
According to univariate analysis, the chance of poor outcome increased with the size of the aneurysm, location in the posterior circulation, intraoperative rupture, removal of coils, and, surprisingly, height-to-neck ratio of the residual aneurysm of more than 2:1 (Table 4 ). In multivariate analysis using binary logistic regression, only location in the posterior circulation turned out to be an independent risk factor for poor outcome, with fourfold risk compared with aneurysms in anterior circulation (Table 5) . Surgery-related complications (inadvertent vessel occlusion) were apparent on postoperative DSA/CTA in 8 patients. In all patients, the aneurysms were completely occluded by surgery.
Surgical Complications and Mortality
Ten patients, listed in Table 6 , presented a permanent worsening of the GOS score, and all but 2 presented with SAH. Six (7%) of these 10 patients died after surgery. Two (with small MCA and VA aneurysms) had a poor preoperative GOS score of 2 and were operated on on day 1 after endovascular treatment for rebleeding and on day 3 for incomplete coiling, respectively. One patient with a medium-sized ICA aneurysm was in good condition before the operation, but an MCA thrombosis developed after the operation and he died 2 days later. One patient with a medium-sized BA bifurcation aneurysm developed a posterior infarction and died. One patient with a giant BA bifurcation aneurysm underwent clipping with coil removal, and both P1 were closed, leading to a large posterior infarction and death (Figure 8 ). One patient with a giant BA bifurcation aneurysm died after the operation; this case is described in detail in the following.
Reoperations
Two patients were operated on twice after an earlier coiling in Helsinki. The first patient presented with a medium-sized BA bifurcation aneurysm coiled twice. Clipping was performed by using a right-sided pterional approach without coil removal because of regrowth of the lesion. After the first operation, the patient presented with transitory right oculomotor palsy. DSA performed 6 months later showed a residual filling inside the aneurysm. The patient underwent a reoperation using a left subtemporal approach 1 year later, and the aneurysm was completely occluded. 28 Postoperatively, he had transitory left oculomotor palsy. By the end of the follow-up, this patient had a good recovery.
The second patient had a giant BA bifurcation aneurysm diagnosed because of mass effect. Two years after the endovascular treatment, the aneurysm showed subtotal occlusion of less than 80%. Using a right subtemporal approach, clipping of the partially calcified giant aneurysm proved impossible for the senior author (J.H.). Although temporary occlusion was performed many times, the clip slid down to occlude the bifurcation (patient 57 in Table 6 ). A high-flow bypass with the saphenous vein between the external carotid artery and the right posterior cerebral artery using a right subtemporal approach was performed after 3 months, but it occluded. Six months after the bypass surgery, with further growth of the aneurysm, the patient underwent a left subtemporal approach, resulting in an intraoperative rupture of the aneurysm. Clipping of the aneurysm caused a brainstem infarction arising from occlusion of the SCA and posterior cerebral artery. The patient remained unconscious and subsequently died. A 55-year-old woman with a ruptured, incompletely coiled small left ICA bifurcation aneurysm underwent a left LSO approach 28 months after the endovascular procedure. The aneurysm was clipped with temporary clipping, and the coils were not removed. This patient presented also with a small aneurysm at the proximal part of the PComA, which was coagulated with temporary clipping of the ICA and finally wrapped (see Video, Supplemental Digital Content 3, http://links.lww.com/NEU/343 in which microsurgical treatment of a previously coiled ruptured ICA bifurcation aneurysm is shown). Postoperative CTA confirmed the complete clipping of the aneurysm, and the patient had an excellent outcome (Figure 3 ).
Patient 4 (Incomplete Coiling of a Medium-Sized Unruptured MCA Bifurcation Aneurysm: Late Surgery)
A 68-year-old man with an unruptured medium-sized MCA aneurysm coiled with a remodeling method but with late compaction of the coils underwent an operation 26 months after coiling. A left LSO approach was performed, and with temporary clipping, the aneurysm sac was opened and the coils partially removed (see Video, Supplemental Digital Content 4, http://links.lww.com/NEU/344 in which microsurgical treatment of previously coiled MCA bifurcation aneurysm is shown). Postoperative DSA and CTA confirmed the complete occlusion of the aneurysm. After the operation, the patient had transitory dysphasia and slight hemiparesis, both of which completely resolved after 3 months (Figure 4 ).
Patient 5 (Regrowth of a Large-Sized Unruptured MCA Bifurcation Aneurysm: Late Surgery)
A 53-year-old Italian woman underwent coiling of an unruptured large left MCA bifurcation aneurysm and a small right PComA-ICA. The large MCA aneurysm was recoiled twice because of coil compaction. The patient was admitted for treatment of the large MCA aneurysm 12 months after the last coiling procedure. A left pterional approach was performed, and with temporary clipping, the coils were partially removed and the aneurysm clipped (see Video, Supplemental Digital Content 5, http://links.lww.com/NEU/345 in which microsurgical treatment of a previously coiled MCA bifurcation aneurysm is shown). Postoperative DSA and CTA confirmed successful treatment of the lesion, and the patient had an excellent outcome ( Figure 5 ).
Patient 6 (Incomplete Coiling of a Small Ruptured BA-SCA Aneurysm: Late Surgery)
A 57-year-old woman with a ruptured, incompletely coiled small left SCA-BA aneurysm underwent a left subtemporal approach 14 months after coiling. The aneurysm was clipped by using Adenosine to lower the blood pressure temporarily without coil removal (see Video, Supplemental Digital Content 6; http://links.lww.com/NEU/346, in which microsurgical treatment of a previously coiled small ruptured left BA-SCA aneurysm is shown). CTA after the operation confirmed complete occlusion of the aneurysm (Figure 6 ). Patient 7 (Incomplete Coiling of a Small VA-PICA Aneurysm: Early Surgery) A 32-year-old woman with a ruptured, small left VA-PICA aneurysm underwent coiling of the aneurysm. It was perforated by coils, and 1 day after coiling, a left retrosigmoid approach was performed. Under temporary clipping of the VA, the aneurysm was clipped without coil removal (see Video, Supplemental Digital Content 7, http://links.lww.com/NEU/347). Postoperative CTA and DSA confirmed the occlusion of the aneurysm. After 1 week, BA spasm developed with slight right hemiparesis and meningitis. The patient needed a ventriculoperitoneal shunt 1 month after SAH. Three months later, the patient was in good neurological condition (Figure 7 ).
DISCUSSION
The endovascular route using arteries of the brain to reach and treat intracranial aneurysms is simple and elegant. Open microneurosurgery needs an artificial and more invasive route, 29 although opening of the head nowadays is routine and safe. However, compared with clipping, endovascular coiling may be a less durable method, and residual aneurysms, recanalization, and regrowth are not uncommon occurrences. 4, 14, 30 Coiling induces biological changes in the aneurysm wall, which may contribute both to the therapeutic effect and to recurrences. 31 In the International Subarachnoid Aneurysm Trial, the risk of recurrent bleeding during long-term follow-up was higher with coiling than with clipping. 32 Other series have confirmed the risk of rebleeding from coiled aneurysms, although the magnitude of the actual risk varies from study to study. In a real-life setting that includes complex aneurysms, the risk is clinically significant. 33, 34 In addition to incomplete occlusion, large aneurysm size has been reported as a risk factor for subsequent hemorrhage. In our series, 4 patients presented with rebleeding after endovascular treatment; 3 had small aneurysms and 1 a large aneurysm. The goal of aneurysm treatment by using an endovascular route or open microneurosurgery is complete exclusion of the aneurysm from the parent vessel. Based on our own large accumulated experience with more than 13 000 aneurysm patients treated and on the experience of Drake et al, 10 incomplete occlusion of the aneurysm base may lead to aneurysm growth and/ or rupture.
When coiling fails, microsurgery is indicated for further repair of the aneurysmal sac. Seventy-seven aneurysms (94%) in this series were completely eliminated with microsurgery performed after a failed coiling; these were verified at postoperative DSA (74 cases) and CTA (2 cases). Five aneurysms were not radiologically verified. The microsurgical technique in these cases differs significantly from the surgery for untreated aneurysms and can be markedly more challenging, as is also the surgery after failed clipping. 11 The position of the coils inside the aneurysm and their involvement (even penetrating erosion) within the wall affect the microsurgical procedure. The appropriate strategy may require (1) direct clipping of the aneurysm with or without temporary clipping and without opening the sac, with opening the sac and partially removing the thrombus and/or coils, or with resection of the aneurysm and reconstruction of the vessel by using regular microsuture or nontraumatic clips; (2) extracranial-intracranial bypass; (3) trapping or proximal vessel occlusion; or (4) wrapping of the aneurysm.
Direct Clipping
Direct clipping of a previously coiled aneurysm requires enough coil-free space at the base of the aneurysm. How much free base is sufficient depends on the experience of the surgeon, the characteristics of the individual aneurysm (eg, calcifications and nearby branches), and even the clips used. A height-to-neck ratio of a previously coiled aneurysm has been recommended to be more than 2:1 to facilitate safe clip placement. 14, 15 In our series, surprisingly, this ratio was statistically significantly associated with poor postoperative outcome in univariate analysis. The explanation for this is difficult to find, and it may be a statistical artifact (type I error, false-positive finding). A ratio less than 2:1 did not seem to prevent successful clipping. Waldron et al 35 also did not find this ratio critical in their recent report. Some authors recommend waiting until coil compaction has progressed sufficiently to have the neck free of coils, making the clipping safer [36] [37] [38] ; this strategy is certainly good, but may leave the patient at risk of rupture during the waiting period. 4 In early surgery (within 1 month of coiling), the coils can usually be removed, as we did in 12 of 15 cases, 10 of them with temporary clipping. The microsurgical technique in coiled aneurysms treated early has the same difficulties as in uncoiled aneurysms, which are related to the location and size of the aneurysm (see Video, Supplemental Digital Content 7, http://links.lww.com/NEU/347). Early surgery of a coiled aneurysm allows safer manipulation of the aneurysm without a scar between the coils and the aneurysm wall. Furthermore, the aneurysm base is not yet rigid, making clipping easier. For safe removal of coils, we recommend the use of temporary clipping or, alternatively, after performing the permanent clipping of the aneurysm.
Difficulties in treating aneurysms that have been coiled months or years earlier are caused primarily by the loss of substance in the aneurysm wall and secondarily by intra-aneurysmal foreign material that may even be contained within the wall of the aneurysm or coils protruding or completely inside the afferent or efferent vessels. 31, 39, 40 The coils seem to have a degenerative influence on the aneurysm wall, making it transparent and thin; we call this ''the coil acid'' phenomenon. The surgical technique can be described as follows: (1) proximal control of the parent vessel (Videos 1-5, 7); (2) temporary clipping during dissection of the perforating arteries (Videos 1-5, 7); (3) in cases of large and giant aneurysms, the opening of the aneurysm and cutting of the coils to reduce the volume, allowing the manipulation of the sac FIGURE 8 . A 41-year-old man with a giant basilar artery (BA) bifurcation aneurysm that was successfully coiled (A), but with rapid compaction of the coils and a marked increase in size at 3 months (B). A right subtemporal approach was performed with an attempt to clip the aneurysm with temporary BA occlusion. When the clip across the aneurysm was closed, an intraoperative rupture of the anterior wall of the aneurysm occurred caused by compaction inside the coil mass. In addition to the clip at the aneurysm base, several other clips needed to be applied to occlude the BA to stop the bleeding. Both the P1 and superior cerebellar artery (C) were closed, but were filled in a retrograde manner (D). The patient remained unconscious and later died.
(Videos 1, 4, 5); (4) removal of coils from the base of the sac when possible; and (5) application of additional temporary clipping to enable perfect clipping, if required. Coils are not removed if they are inside the parent artery or the perforators (Videos 1, 4, 5) or if the aneurysm wall is too thin and the coils have migrated outside the wall. A high degree of occlusion by coils makes the manipulation and dissection of the aneurysm sac and base more challenging. Removal of coils protruding in eloquent areas, such as the hypothalamus and brainstem, will lead to worsening of the patient's condition. These aneurysms are also often rigid, and the base is difficult to dissect. If the coils penetrate the wall of the parent artery, their removal is not possible without irreversibly damaging the arterial wall (Video 5, Figure 5C ). Especially in medium-sized and larger aneurysms, the opening of the sac under temporary clipping and partially cutting the coils gives more space, allowing perfect or near-perfect placement of the final clip (Videos 1, 4, 5). Coils can be cut using regular microscissors (Videos 1, 4, 5) or specially designed (by Kopitnik) stronger scissors. Coil removal was associated with increased risk of poor outcome in univariate analysis in our series. This likely reflects the complicated nature of cases requiring this approach; coil removal may lead to injury of nearby perforators and the vessel itself even when performed by a very experienced vascular neurosurgeon.
One of the indications for acute surgery for previously coiled aneurysms is aneurysm perforation or coil migration during the endovascular procedure. 7 In a recent series of 1164 endovascular procedures, perforation occurred in 1.7% of the cases (20 patients). 7 Our series includes 4 patients with small aneurysms presenting with coil migration and 1 patient with an aneurysm wall perforated by the coils (Video 7, Figure 7 ). They needed emergent surgery the same day (3 patients) or 1 day after the endovascular procedure (1 patient).
Extracranial-Intracranial Bypass and Proximal Occlusion
In complex cases, especially large and giant posterior or anterior circulation aneurysms, no direct clipping, with or without removal of coils, is possible. For 1 giant BA tip aneurysm that had regrowth after several endovascular treatment attempts, we performed a bypass between the external occipital artery and the dominant posterior cerebral artery, followed by trapping of the BA, and the patient improved after surgery. Other patients (1 giant BA bifurcation and 1 aneurysm in the BA-SCA region) were treated with proximal occlusion, and 1 large BA trunk aneurysm was treated by trapping without bypass because of good collateral flow. All belonged to the late surgery group, and no coil removal was attempted. All patients (with the exception of the patient treated with bypass) had worsening of their neurological condition after surgery (Table 6 ). In our experience, good collateral flow from both PComAs with a caliber of more than 1 mm is usually sufficient to preserve cerebral blood flow in the posterior region, but in these cases, perfusion was apparently insufficient to prevent cerebral ischemia.
For large or giant posterior circulation aneurysms we do not recommend a coil removal attempt because this cannot be done as effectively as for anterior circulation aneurysms, nor do we advise that these aneurysms be clipped. Instead we suggest that an artificial PComA be built, followed by proximal occlusion of the BA. 34, 41, 42 In large or giant anterior circulation aneurysms, partial removal of coils is often possible, followed by direct clipping of the aneurysms, but we recommend a high-flow bypass if proximal vessel occlusion is required.
Other Techniques (Vessel Reconstruction and Aneurysm Wrapping)
Sometimes aneurysms with rigid walls can be resected under temporary clipping, and if direct clipping is not feasible, the vessel wall can be reconstructed with microsutures or nontraumatic microclips (AnastoClip Vessel Closure System 1.4 mm; LeMaitre Vascular, Burlington, Massachusetts). 43 Waldron et al 35 reported the treatment of 2 BA tip aneurysms by wrapping the aneurysms with muslin because of failure of tentative clipping, and the aneurysms remained stable without enlargement or bleeding. None of the patients in the current series were treated with these methods.
CONCLUSION
Microsurgery can be used to treat aneurysms where previous endovascular treatment attempts have failed. The microsurgical technique differs significantly from regular clipping and is also dependent on the time interval between coiling and surgery. Aneurysm size and location in the posterior circulation were the most important factors affecting clinical outcome in our series, with the complication rate drastically increasing with large or giant aneurysm size. In giant aneurysms, bypass procedures followed by occlusion of the proximal vessel may serve the patients best, especially for posterior circulation aneurysms.
In their classic article on redo surgery after failed clipping, Drake et al 11 described the difficulties and results in their experienced hands. More than 25 years later, we similarly conclude that clipping of aneurysms treated from inside the aneurysm is a high-risk procedure that should only be performed in experienced centers.
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T his detailed and informative report represents the largest series to date of microsurgical treatment of previously coiled aneurysms. Although overall outcomes parallel those of previous smaller series, with 88% of patients in better or stable condition 3 months postoperatively, the larger size of the cohort has allowed the authors to investigate risk factors for poor outcomes. The heterogeneity of the patient population can make definitive characterization of risk factors difficult, but it seems clear that posterior circulation location confers higher risk. Additionally, aneurysm size, intraoperative rupture, and coil removal were found to be associated with poor outcome on univariate analysis. Despite these factors, this experienced group has been able to demonstrate cases in which coil removal was performed in large aneurysms with good success, even in the late (.1 month) surgery group. What remains a challenging question is when an incompletely obliterated aneurysm warrants retreatment, surgical or otherwise. In this cohort, more than half were treated for incomplete coiling of an aneurysm, most (38 of 46) having presented originally with subarachnoid hemorrhage. For previously ruptured aneurysms, data regarding remnant rerupture would support a proactive posture. For unruptured aneurysms, the answer is less clear.
